OBJECTIVE: Internet and other interactive technologybased programs offer great potential for practical, effective, and cost-efficient diabetes self-management (DSM) programs capable of reaching large numbers of patients. This study evaluated minimal and moderate support versions of an Internet-based diabetes self-management program, compared to an enhanced usual care condition. RESEARCH DESIGN AND METHODS: A three-arm practical randomized trial was conducted to evaluate minimal contact and moderate contact versions of an Internet-based diabetes self-management program, offered in English and Spanish, compared to enhanced usual care. A heterogeneous sample of 463 type 2 patients was randomized and 82.5% completed a 4-month follow-up. Primary outcomes were behavior changes in healthy eating, physical activity, and medication taking. Secondary outcomes included hemoglobin A1c, body mass index, lipids, and blood pressure. RESULTS: The Internet-based intervention produced significantly greater improvements than the enhanced usual care condition on three of four behavioral outcomes (effect sizes [d] for healthy eating = 0.32; fat intake = 0.28; physical activity= 0.19) in both intent-totreat and complete-cases analyses. These changes did not translate into differential improvements in biological outcomes during the 4-month study period. Added contact did not further enhance outcomes beyond the minimal contact intervention. CONCLUSIONS: The Internet intervention meets several of the RE-AIM criteria for potential public health impact, including reaching a large number of persons, and being practical, feasible, and engaging for participants, but with mixed effectiveness in improving outcomes, and consistent results across different subgroups. Additional research is needed to evaluate longer-term outcomes, enhance effectiveness and cost-effectiveness, and understand the linkages between intervention processes and outcomes.
INTRODUCTION
Type 2 diabetes is a complex condition whose optimal management requires multiple lifestyle changes, including dietary, physical activity, medication taking, and glucose monitoring. These regimen requirements are made difficult by broader social influences, including our current "obesogenic environment." 1,2 Type 2 diabetes is increasingly prevalent and affects nearly 24 million Americans aged 20 years and older. 3 Although diabetes self-management (DSM) has been shown to be effective, 1,3,4 many patients do not receive it, 5 and the rising rates of diabetes make it imperative to find efficient, practical ways of delivering DSM. To increase reach, various DSM modalities must be explored. Interactive computer technologies have much to offer, particularly if they incorporate theory-based principles and provide feedback and tailored information. 6, 7 They can be available 24 hours a day, may be cost-effective, and have the potential of freeing clinicians to focus on other care priorities. However, most current Internet DSM programs are largely informational, at high literacy levels, and available only in English. 8 Internet research in related areas, especially weight loss, has shown that added contact-even if moderate-can increase effectiveness. 9, 10 Therefore, we investigated the impact of different levels of interpersonal contact for Internet-based DSM support. In addition to the behaviors necessary to achieve healthy weight control (i.e., physical activity and healthful eating), DSM involves other behaviors. Thus, there is also a pressing need for research on multiple-health-behavior interventions capable of being translated into practice. 11, 12 Much DSM research has been conducted in academic settings, and has not addressed real-world challenges or the context of primary care practice. We addressed these issues by evaluating a practical, computer-based (combined Internet and automated telephone) DSM intervention targeting dietary and physical activity (PA) practices and medication taking.
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Due to the digital divide, the reach of computer-based health promotion programs among underserved populations is in question. Latinos, compared to non-Hispanic whites, tend to have less access to the Internet and tend to use the Internet less for seeking health information. 13, 14 However, as in other ethnic groups, access to computers and the Internet is related to education and socio-economic class. Limited access to technology is certainly a factor, but so is a relative scarcity of programs designed for Spanish-dominant Latinos. LUCHAR was one such program designed for Latinos that demonstrated significant improvements in nutrition and physical activity amongst the programs users. 15 Reviews of the literature on DSM are encouraging regarding at least short-term improvements in regimen behaviors and hemoglobin A1c. 1, 4, 16 The longer term effects are much less consistent, and many persons do not participate in DSM education. 5, [17] [18] [19] The smaller and evolving literature on Internet and computerbased DSM programs 7, 8, 20, 21 is similarly encouraging but mixed.
Key issues in need of research attention include which subgroups of patients will participate, the high rates of attrition, 22 impact across different patient subgroups and outcomes, and the amount of contact needed with live intervention staff. The present project was developed to address several of these issues. Our overall research project aims to provide evidence on varying levels of support necessary to achieve DSM through regular physical activity, healthful eating, and appropriate medication use. The purposes of this paper were to (a) evaluate the feasibility of an Internet-based DSM program (MyPath/Mi Camino) using the RE-AIM (Reach, Effectiveness, Adoption, Implementation, Maintenance) model 19 (www.re-aim.org); (b) present the 4-month behavioral and biological outcomes from a practical randomized trial; and (c) experimentally investigate the incremental effects of adding support to a minimal-contact version of the Internet-based program.
METHODS
A three-arm, patient-randomized practical effectiveness trial 23 evaluated two Internet-based DSM programs, relative to "enhanced" usual care (EUC). Practical effectiveness or pragmatic trials 23, 24 are different from traditional efficacy studies in that they employ heterogeneous samples, studied in multiple representative settings, use outcomes important to decision and policy makers, and study real-world comparison conditions. The interventions were (a) self-administered, computer-assisted self-management (CASM), based on socialecological theory 2 and the "5 As" self-management model, 11 and (b) the CASM program with the addition of enhanced social support (CASM+SS). EUC provided computer-based health risk appraisal feedback and recommended preventive care behaviors using the same contact schedule as CASM, but did not include the key intervention procedures. EUC participants, as well as CASM and CASM+SS participants, were eligible to participate in other traditional DMS education, such as education classes, weight loss groups, or case management available to Kaiser Permanente Colorado (KPCO) members, but very few did so during the study. The study was conducted in five primary care clinics within Kaiser Permanente Colorado (KPCO). Clinics were selected based on variability in size, location, and socioeconomic status of neighborhood, and to maximize percentage of Latino patients. Recruitment issues are described in detail in Glasgow et al 25 and summarized in Figure 1 . Eligibility criteria includ- 
Interventions
Interventions were available in English and Spanish, and based on refinements of interactive self-management programs found effective in prior research. 26 Both the Spanish and English versions were developed in consultation with local dieticians and leaders in culturally competent care to offer strategies and options that were appropriate for Latino or African American, in addition to Anglo participants. Both conditions featured self-pacing, "more information" text boxes, and voiceover narration to assist less health literate participants.
CASM. CASM participants were given access to the "My Path to Healthy Life"/"Mi Camino A La Vida Sana" website and instructed in website log-in, navigation, and usage by a research staff member. Participants were asked to select initial, easily achievable goals in each of three areas: medication adherence, exercise, and food choices. They recorded their progress on these three daily goals using the tracking section of the website (Online Appendix Table A1 ) and received immediate feedback on success meeting their goals over the past 7 days. The website, described in detail elsewhere, 27 included a graphical display of the patient's hemoglobin A1c, blood pressure, and cholesterol results; a moderated forum; and community resources (e.g., healthful recipes, printable handouts) for DSM and healthy lifestyles, as well as features to enhance user engagement, such as rotating quiz questions and motivational tips. After 6 weeks, participants created new personalized goals and "action plans" for medication taking, healthy eating, and PA. For each of the three areas, users identified barriers to achieving the (revised) goal(s) they had selected, and then chose from a list of problem-solving strategies to overcome those barriers.
28 Each user's action plan summary (Online Appendix Table A2 ) was available for easy reference and/or revision. In addition to the website, CASM participants received periodic prompting using a computer-based telephone system that initiated outbound calls, received inbound calls, provided motivational information, and collected data.
CASM+SS. CASM+SS participants received all aspects of the CASM intervention with the addition of follow-up calls from an interventionist, and were invited to attend a group visit with other participants in the same study condition. Interventionists were the same as those for the other two conditions. The four staff members had a variety of educational and experience backgrounds, ranging from bachelors degrees to an M.S. in social work, and received standardized training, including practice sessions. Two staff members who were fluent in Spanish saw participants who preferred Spanish in all conditions. The two extra follow-up calls occurred 2 and 8 weeks after the initial visit to answer any study-related questions and troubleshoot problems with the website or self-management goals, and to discuss the participant's action plans, respectively. The group session focused on healthy eating.
MEASURES
Patient Characteristics. Demographic variables included age, gender, race, Latino ethnicity, household income, and education. Self-efficacy was assessed with Lorig's 8-item Diabetes SelfEfficacy scale. 29 Six additional self-efficacy items, constructed as recommended by Bandura, 30 were added to measure confidence regarding taking diabetes medications, exercising, and limiting high-fat foods. Self-efficacy subscales were calculated for healthy eating, PA, and medication-taking.
Health Literacy and Baseline Computer Use. During the recruitment call, all participants were assessed for health literacy using three items, identified as most sensitive, from the Chew et al literacy instrument. 31 Extent of computer use was assessed by a single question asking how many hours per week on average the respondent spends on a computer.
Behavioral Outcomes. Eating behaviors were assessed using the Ammerman et al 32 "Starting The Conversation" scale, found to be sensitive to change for assessing healthy eating patterns. 33 Starting The Conversation items were averaged to calculate a total score. Estimated fat intake was assessed using the National Cancer Institute's Percent Energy from Fat Screener. 34 The
Community Health Activities Model Program for Seniors (CHAMPS) Questionnaire 35 was used to estimate total weekly caloric expenditure in PA. Adherence to diabetes, blood pressure, and cholesterol medications was assessed through 
Analyses
Survey data were entered and verified, and descriptive statistics computed to determine the nature of the data and test for assumptions. Chi-square tests and analyses of variance were used to compare baseline characteristics and attrition across conditions. Multivariate analyses of covariance (MANCOVA) were used evaluate outcomes, and controlled for baseline scores on the relevant outcome measures as well as participant characteristics that were significantly related to outcomes at baseline (gender, age, and ethnicity). In addition to statistical significance, we report the effect size d (difference in means divided by common standard deviation). Separate analyses were conducted for DSM behaviors (our primary a priori outcomes) as a set, and biological outcomes as a second set. For each set, two a priori planned comparisons were conducted; the first to compare the combined intervention conditions to EUC, and the second to compare the two CASM conditions. When the overall MANCOVA was significant, ANCOVAs were conducted to identify the source(s) of differences. Given the multiple comparisons a p < 0.01 level was required for significance. All analyses were conducted using SPSS and NORM.
Missing Data. All analyses were performed two ways. First, a complete-cases approach was used, in which participants with missing follow-up data on the outcome variable were excluded. Second, identical analyses were conducted using multiple imputation procedures for missing data via the expectationmaximization (EM) algorithm with NORM software. 
RESULTS

Participants and Attrition
A total of 463 patients participated. Recruitment and participant details have been reported elsewhere. 25 We recruited a diverse sample across age, gender, ethnicity (21% Latino), race (14% African American), education and income levels ( Table 1) . There were no significant differences among conditions on baseline characteristics. Attrition rates (mean of 17.5%) differed by condition (chi-square [2] =6.20, p = 0.045); 10.6% 
Outcomes
Behavior Change. MANCOVA overall results were significant (<0.001) and conclusions were consistent in a priori planned analyses across intent-to-treat and complete-cases analyses comparing combined intervention conditions to EUC (Table 2) . Follow-up analyses of individual variables revealed significantly greater improvement for intervention than EUC on three of the four behaviors: eating habits, fat intake, and PA. Secondary treatment-by-participant characteristics interaction analyses, to investigate potential differential effects associated with age, gender, ethnicity, race, education, computer experience, and health literacy, were significant for only one of 28 interactions, suggesting that the intervention effects were generalizable across these factors Table 2 ).
Comparisons between the two interventions on behavioral improvement were non-significant in both intent-to-treat and complete-cases analyses. If anything, the lower contact CASM condition improved more, albeit non-significantly, on some behaviors.
Biological Outcomes. MANCOVA results failed to reveal significant between-condition differences on biological outcomes (see Table 3 ). Overall, there were small and modest reductions in BMI, hemoglobin A1c, total/HDL lipid ratio, and blood pressure across conditions, and no indication that CASM+SS produced greater improvements than CASM. Secondary interaction analyses were almost all non-significant and failed to reveal any consistent patterns.
Implementation. Participants were actively engaged in the website, with no differences between CASM and CASM+SS conditions. Detailed implementation data are presented elsewhere. 27 Intervention participants visited the website 27 times on average during the 4-month period. 27 They utilized all aspects of the website, 99% set initial goals for all three targeted behaviors and 81.6% entered self-monitoring data. Usage was consistent across participant characteristics and intervention conditions.
DISCUSSION
Our first goal was to evaluate the feasibility of this intervention using the RE-AIM framework. 19 The program reached a NOTE: MANCOVA with eating habits (total score), fat intake (%), physical activity (Calories/Week; CHAMPS), and medication adherence. Baseline outcome scores were covaried. Also covaried were age, gender, ethnicity, and education, which were found in univariate analyses to be related to outcomes at baseline 1 Outliers were defined as cases reporting >50% calories from fat; to obtain a normal distribution for this variable, outliers were recorded to 50 2 Calculated from the CHAMPS; values were transformed to obtain normal distribution respectable and fairly representative, conservatively calculated 38% of those contacted and estimated to be eligible (Fig. 1) . For an Internet intervention, the 17.5% loss to follow-up was reasonable. 22 Participants in the CASM conditions were actively engaged in using recommended strategies, such as goal setting (almost 100%) and self-monitoring (81.6%). Implementation of the additional support activities among those in the CASM+SS condition was mixed: 88% received at least one additional phone call, but only 38% attended a group visit. Finally, outcomes appear robust across patient characteristics including ethnicity, age, gender, health literacy, education, and prior computer experience. Our primary goal was to evaluate the effectiveness of My Path/Mi Camino on improvement in the DSM behaviors. The intervention conditions improved significantly more than the EUC condition on multiple health behaviors. The effect sizes and magnitude of change were moderate for a minimal-contact condition. The only behavior on which there were not significant effects was medication taking, and this may have been due to either ceiling effects (baseline means of 3.8 on a 4.0 scale) or insensitivity of the self-report adherence measure used. There are not enough studies on the eating behaviors measure to make confident conclusions about magnitude of effects. In general, effect sizes of 0.2-0.3 such as we observed for minimal contact interventions that produce high participation rates 25 are potentially important when multiplied to a population level. To produce public health impact, one needs both moderate to high participation (usually associated with low intensity interventions) and moderate to high effectiveness (typically associated with intensive interventions). 38, 39 Given this perspective, a 1% change in estimated fat intake, and behavior change effect sizes of 0.2-0.3 are significant, as a meta-analysis of chronic illness self-management programs found a mean effect size of 0.25.
40
Differences in behavior did not translate into biological effects, which were secondary outcomes in this study. There was modest improvement in biological outcomes across conditions, but no between-condition differences. Admittedly, other Internet studies have produced larger impacts on biological outcomes, 41, 42 but these have been much smaller studies utilizing less stringent comparison conditions. It is still incumbent on us to speculate about how to improve the magnitude of intervention effects. More intensive activities or more time for behavior change may be necessary to result in biological improvements. It is also possible that participants over-reported their behavioral improvements; although, given that the EUC condition also received an interactive computerbased intervention, automated feedback, behavior change recommendations, and the same number of contacts as the CASM condition, there is no reason to expect differential demand across conditions. Although there are epidemiological data linking behavior change to improved health outcomes, the interventions in the present study did not result in improved biological outcomes. From that perspective, the 4-month outcomes would be considered "negative results," and longer-term data on factors such as maintenance of behavior change, health care utilization, and quality of life are needed before drawing conclusions. The additional support offered to participants in the CASM+SS condition did not lead to enhanced results. More frequent, longer-term, or more personal support may be needed to improve the results of an effective Internet-based behaviorchange intervention. Alternative strategies, such as an initial group meeting to introduce participants to the Internet program, may be needed to engage participants in the group activities and peer support. ), Hemoglobin A1c (%), lipid ratio (Total/HDL), and mean arterial pressure (mm Hg). Baseline outcome scores were covaried. Also covaried were age, gender, ethnicity, and education, which were found in univariate analyses to be related to outcomes at baseline.
Limitations of this report include participants from a single health plan (although heterogeneous), self-report measures of behavior change, and the relatively short-term follow-up. Strengths include the large sample with good minority representation, materials in Spanish and English, the randomized practical trial design, 23 the variety of outcomes assessed as recommended for complex interventions, the high levels of engagement and retention for an Internet intervention, 22 and the intent-to-treat analyses. Future research is needed to understand processes that led to these results and potential longer-term effects of the intervention, including impact on patient functioning and cost-effectiveness.
In conclusion, the My Path/MiCambio program appears feasible and to produce modest behavior change. In 2009, 74-79% of U.S. adults had Internet access at work or home, and this number is expected to continue increasing. Although there are still disparities in Internet access by age and race/ ethnicity, these gaps are decreasing. 43 Sixty-four percent of foreign born Latinos reported Internet access in 2008, compared to 77% of U.S. born Latinos. 44 The present intervention may need to be enhanced via strategies found to increase Internet-based intervention effects in other research such as more personal contact, 9 greater focus on medication taking or stronger linkage to primary care or community resources 15 in order to produce biological or larger behavioral outcomes.
